Abstract. To investigate the processes of development and maintenance of low-level clouds during major synoptic events, the cloudy boundary layer under stormy conditions during the summertime Arctic has been studied using observations from the Surface Heat Budget of the Arctic Ocean (SHEBA) experiment and large-eddy simulations (LES). On 29 July 1998, a stable Arctic cloudy boundary-layer event was observed after the passage of a synoptic low pressure system. The local dynamic and thermodynamic structure of the boundary layer was determined from aircraft measurements including the analysis of turbulence, cloud microphysics and radiative properties. After the upper cloud layer advected over the existing cloud layer, the turbulent kinetic energy (TKE) budget indicated that the cloud layer below 200 m was maintained predominantly by shear production. Observations of longwave radiation showed that cloud-top cooling at the lower cloud top has been suppressed by radiative effects of the upper cloud layer. Our LES results demonstrate the importance of the combination of shear mixing near the surface and radiative cooling at the cloud top in the storm-driven cloudy boundary layer. Once the low-level cloud reaches a certain height, depending on the amount of cloud-top cooling, the two sources of TKE production begin to separate in space under continuous stormy conditions, suggesting one possible mechanism for the cloud layering. The sensitivity tests suggest that the storm-driven cloudy boundary layer is possibly switched to the shear-driven system due to the advection of upper clouds or to the buoyantly driven system due to the lack of wind shear. A comparison is made of this storm-driven boundary layer with the buoyantly driven boundary layer previously described in the literature.
Introduction
Persistent stratus cloud layers over the Arctic Ocean are important modulators of the climate through their effect on atmospheric radiation and vertical turbulent transfer of heat, moisture and momentum in the boundary layer. Understanding the effect of clouds on the surface is an especially vital issue because it can significantly impact upon the melting, refreezing, thickness and distribution of sea ice (e.g., Maykut and Untersteiner, 1971) . There are many physical processes related to clouds over the Arctic region that are still poorly understood (Bromwich et al., 1994; Curry et al., 1996) . Summertime Arctic stratus clouds are believed to be typically formed in relatively warm and moist continental air as it flows over the pack ice. Condensation is induced by radiative and diffusive cooling to the colder surface and longwave emission to space (Herman and Goody, 1976) . Such a stable boundary layer is typically characterized by strong wind shear over the ice cover (e.g., Bru¨mmer et al., 1994) . In addition, this stable stratification sometimes can be coupled with stratus clouds (e.g., Curry et al., 1988 ) and can often extend over several days (Curry et al., 1996) . Once the surface fog or cloud forms, vertical mixing occurs due to cloud-top radiative cooling. Analyzing a series of 12 vertical profiles in a variety of boundary-layer stratus clouds in the summertime Arctic, Herman and Curry (1984) found that the observed low-level stratus cloud tops were typically 1000 m high and buoyantly driven. Some common features were also found in North Sea stratocumulus (Nicholls, 1984) . The radiatively driven cloud-topped boundary layer is often found to be decoupled from the surface (Nicholls and Leighton, 1986) . Mid-and upper-level clouds associated with synoptic frontal systems are sometimes advected over existing lower-level clouds in the summertime Arctic. From a statistical study based on radar and lidar data from the Surface Heat Budget of the Arctic Ocean (SHEBA) experiment, Intrieri et al. (2002) found that one of the highest frequency of the occurrence of cloud-top appears between heights of 6 and 8 km. These upper clouds may cause the decay of the lower clouds through suppression of cloud-top radiative cooling. Although cyclonic events drive the seasonal transition through changes in numerous surface energy budget terms, the surface temperature, and the number and spatial coverage of open leads (Ruffieux et al., 1995; Curry et al., 2002; Persson et al., 2002) , the combination of turbulent and radiative properties related to the 'storm-driven boundary layer' is still poorly understood.
To understand the complicated structure of cloud layering that has been observed frequently in the summertime Arctic, modelling studies focusing on the radiative transfer in the boundary layer have been conducted for the summertime Arctic boundary layer and formation of multiple cloud layers (Herman and Goody, 1976; McInnes and Curry, 1995) . Large-eddy simulation (LES) is also a useful tool to investigate the impact of turbulence on the boundary layer more explicitly. In LES large eddies, which contain most of the energy and dominate turbulent fluxes within the boundary layer, are explicitly simulated while subgrid-scale motions are parameterized. In recent years, the stably stratified boundary layer has been studied with a LES model (Mason and Derbyshire, 1990; Andren, 1995; Kosovic´and Curry, 2000; Saiki et al., 2000; Otte and Wyngaard, 2001) .
The goal of our study is to propose conceptual models for the evolution of the storm-driven boundary layer in the summertime Arctic. For this purpose,
